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Fig. 2. Tropical Africa. The pattern of smallholder forest clearing along
rural roads in the Congo Basin (12), which includes carbon loss due to
the expansion of agriculture into primary forest, is wholly absent. Left:
Tropical Africa tree cover loss from Hansen et al. (2). Right: Aboveground

tree cover loss-dominated areas, carbon loss
should be present. For tropical America, Africa,
and Asia, Baccini et al. estimate no carbon loss
for 68%, 76% and 72% of Landsat-derived tree
cover loss-dominant cells; we identify these as
errors of omission (Figs. 1 to 3) (12, 13).
Despite the likely presence of substantial spa-
tial error and claims of capturing carbon losses
from disturbances beyond deforestation, the
carbon loss estimates of Baccini et al. are lower
than those of Tyukavina et al. (14), which relied
on robust and statistically accurate area estima-
tion methods. Given the lower overall carbon
loss estimate of Baccini et al.—an estimate not
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accounted for by colocated gain and loss, and
consisting of considerable commission error—
it follows that their estimates of carbon losses
over landscapes experiencing land cover and
land use change are underestimated. On the
other hand, if we accept that the carbon losses
as depicted are accurate, their results overturn
our current understanding of where the global
climate change science and policy communities
should be focused in mitigating emissions from
deforestation and forest degradation (i.e., not
focused on tropical forest clearing). According
to Baccini et al., deforestation is a minority
source of emissions and is not colocated with
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carbon (AGC) loss from Baccini et al. (1). Top row: Extent of study area
of Baccini et al. for tropical Africa. Middle row: 2800 km x 1500 km
subset centered on the Congo Basin. Bottom row: 530 km x 290 km
subset of Tshuapa province, Democratic Republic of Congo.

forests experiencing degradation (i.e., sites spread
diffusely throughout tropical forests, including
forests heretofore thought to be intact) (Table 1
and Figs. 1 to 3).

We know the limitations of MODIS data in
mapping forest cover, including signal satura-
tion within high canopy cover and the impacts
of spatial resolution, atmospheric contamination,
and sensor degradation (I5). Even if these effects
could be accounted for, map characterizations
inevitably contain error and bias. Baccini et al.
provide per-pixel estimates of carbon stock changes
from 1 to >1000 tonnes per hectare—a capabil-
ity not previously demonstrated experimentally,
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Fig. 3. Tropical Asia. The documented difference in logging within the
primary forests of the Malaysia/Indonesia border (13) is wholly absent in the
carbon loss map. Left: Tropical Asia tree cover loss from Hansen et al. (2)
Right: Aboveground carbon (AGC) loss from Baccini et al. (1). Top row:

much less at scale. We believe that the re-
sults of their study should be considered with
an appropriate level of scientific skepticism,
and that other approaches should be used until
carbon stock change mapping can be more
definitively demonstrated. We advocate the
use of carbon stock strata—that is, areas of
known mean carbon and associated uncertainty
derived using probability-based forest inventory
or other data. When such carbon stock data are
combined with accurate estimates of forest/tree
cover area change, forest carbon change can
be quantified without bias and with known
uncertainty (14).
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